Background: Plantar fasciitis is a common cause of heel pain, which often results in significant morbidity. There have been several treatment options that are used for plantar fasciitis, including nonsteroidal anti-inflammatory drugs, orthoses, physical therapy, and steroid injections.
Introduction
Plantar fasciitis is the most common cause of heel pain.
[1] The pathophysiology is not fully understood and seems to be multifactorial. Several established risk factors include prolonged weight bearing, obesity, and reduced plantar flexion. [2] Although plantar fasciitis is a self-limiting condition, the rehabilitation may require several months. Moreover, pain may become chronic, and disabling would carry a heavy healthcare burden for patents [3] and influence their quality of life. [4] A variety of conservative treatment options include rest, heel cups, eccentric stretching exercises, nigh splints, orthotics, and nonsteroidal anti-inflammatory medication. [5] These treatment measures could resolve about 80% of cases. [5] However, in cases who are not responsive to these treatments, invasive procedures are required. Infiltration with intralesional steroids is commonly used in the treatment of chronic plantar fasciitis. [6] This procedure is effective, but only produces short-term pain relief. [7] Moreover, it is also accompanied by complications, such as application site infections, heel fat pad atrophy, and plantar fascia rupture. [7] Local injection of platelet-rich plasma (PRP) is an emerging therapeutic alternative for plantar fasciitis. PRP, derived by centrifuging whole blood, has a platelet concentration higher than that of whole blood. [8] The platelet releases a variety of growth factors and cytokines, which can stimulate and accelerate the nature physiological tissue healing process. [8] Current evidence has shown the promising results of PRP in the treatment of plantar fasciitis. [9] [10] [11] However, whether it is more effective in reducing pain and improving function than other treatments (such as steroid injection, or whole blood) remains controversial. Therefore, we conducted this meta-analysis to compare the effects of PRP with other treatments for patients with plantar fasciitis.
Material and methods

Ethical review
Ethics approval was waived because this study does not involve any human participants or animals.
Literature search
We conducted this meta-analysis in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. [12] Medline, Embase, and Web of Science were systematically reviewed for studies that assessed the effects of PRP in the treatment of patients with plantar fasciitis. These electronic databases were searched from their inception through The search was limited to human subjects and RCTs, and language was restricted into English. In addition, we also manually searched the reference lists of the included studies and previous reviews until no potentially eligible studies were identified.
Study selection and exclusion criteria
The following inclusion criteria were applied: study design: RCT; population: adult patients with plantar fasciitis who had no history of surgical interventions in the ankle and the heel; intervention: PRP; comparison intervention: steroid, whole blood or, placebo; outcome measures: pain and function assessed by visual analog score (VAS), Roles-Maudsley score (RMS), and American Orthopaedic Foot and Ankle Society Score (AOFAS). The exclusion criteria were used as followings: reviews, comments, editors, letters, case reports, and conference abstracts; studies unrelated with our topics.
Data extraction
We used a standardized data collection form to extract the following data from each RCT: first author, year of publication, country, participant characteristics, number of patients in each arm, and the outcomes (including changes from baseline in VOA, AOFAS, and RMS scores). The data extraction was performed by 2 independent investigators. Any disagreements between them were resolved by discussion and consensus.
Risk of bias and evidence of grade assessment
The assessment for risk of bias was performed using the method recommended by Cochrane Collaboration. [13] This method comprises of the following 7 domains: random sequence generation; allocation concealment; blinding of outcome participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting and other bias. [13] Two independent investigators objectively reviewed all the included studies, and assigned a value of "high," "low," or "unclear."
The evidence quality of outcome measures was assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. [14] Each outcome measure was identified by the GRADE system for the 4 grades: high, moderate, low, very low. The GRADE profiler software (version 3.6) was used to rate the level of evidence.
Statistical analysis
We estimated the weighted mean difference (WMD) with 95% confidence interval (CI) for continuous outcomes. Before the data were synthesized, we used the Cochrane Q chi-square test and I 2 statistic to test the heterogeneity across studies, in which P value <.1 or I 2 > 50% were considered to be significant. [15] When significant heterogeneity was identified, a random-effects model (DerSimonian-Laird method) [16] was used to pool the data; otherwise, a fixedeffects model (Mantel-Haenszel method) [17] was used. We also conducted sensitivity analysis and meta-regression to explore the potential sources of heterogeneity and to further identify the influence of various exclusion criteria on the overall estimates. A subgroup analysis was conducted based on the duration of followup (1, 3, 6, 12-month of follow-up), control regimens (steroid vs whole blood vs placebo), and the quality of study (low vs unclear risk of bias). Publication bias was assessed by Begg [18] and Egger et al [19] test. A P value <.05 was judged as statistically significant, except where otherwise specified. All analyses were performed by using STATA version 12.0 (Stata Corporation, College Station, TX).
Results
Study identification and selection
The initial search yielded 1252 relevant publications, of which 685 were excluded because of duplicate records. Then 567 were left for title/abstract review, of which 550 were excluded based on various reasons (reviews, letters, non-RCTs, or not relevant with our topics). Seventeen potentially relevant studies were identified for full-text analysis, however, 4 were excluded because of singarm study design, [9] [10] [11] 20] and 2 RCTs were excluded because they did not provide outcomes of our interest, and one RCT was excluded because of designing type (a protocol article). Finally, 10 RCTs [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] that met the inclusion criteria were included in this meta-analysis ( Fig. 1 ).
Study characteristics
The main characteristics of the 8 RCTs were presented in Table 1 . These studies were published between 2012 and 2017. The sample size of these studies ranged from 28 to 60 (total 445, 128 males and 317 females). Among the included studies, 2 were conducted in India, [22, 24] 2 in Iran [23, 26] and Egypt, [29, 30] each one in UK, [21] Mexio, [25] Turkey, [27] and USA. [28] Nine trials compared the effects of PRP with steroid, [21, 22, 24, 25, [27] [28] [29] [30] and one compared PRP with whole blood. [23] In the study conducted by Mahindra et al, [26] patients with plantar fasciitis were randomly assigned to the local PRP, corticosteroid, or placebo groups. Since the data for changes in VAS and AOFAS scores were presented in all the 3 arms, we included these data in this meta-analysis.
Quality assessment and risk of bias
The assessment of risk of bias is summarized in Figure 2 . Overall, 4 trials were categorized as being at low risk of bias, [22, 25, 26, 30] and the remaining 6 as being at unclear risk of bias. [21, 23, 24, [27] [28] [29] The main reasons for the trials being at unclear risk of bias were that, they did not adequately describe the methods for randomized sequence, allocation sequence concealment, blinding of participants/ persons, and outcome assessment.
The GRADE evidence profiles for the outcomes are shown in Table 2 . The GRADE level of evidence was moderate for changes from baseline in VAS score, AOFAS score, and RMS.
Changes in visual analog scale score
Eight studies reported the data of VAS score. [21, 22, [24] [25] [26] [27] 29, 30] The aggregated results of these studies suggested that the change from baseline in VAS score was greater in the PRP group than that in the control group (WMD = À0.83, 95% CI: À1.42, À0.25; P = .005). The test for heterogeneity was significant (I 2 = 92.7%, P < .001). Subsequently, we performed sensitivity analysis to explore the potential sources of heterogeneity. Exclusion of the study with the small sample size [25] did not change the overall Figure 1 . Eligibility of studies for inclusion in meta-analysis.
Ling and Wang Medicine (2018) 97:37 www.md-journal.com estimation substantially (WMD = À1.21, 95% CI: À1.89, À0.63; P = .001), however, significant heterogeneity was still present (I 2 = 92.7%, P < .001). Exclusion of the study conducted by Mahindra et al [22] resulted in similar overall estimate (WMD = À 0.44, 95% CI: À0.96, À0.27; P = .001), but the heterogeneity did not disappear (I 2 = 86.7.6%, P < .001). We also further excluded any single study, however, the heterogeneity was still present, and the overall estimate of the remaining studies changed slightly.
Subgroup analysis based on the duration of follow-up showed that, PRP was associated with a significant reduction in VAS score at 12 months (WMD = À2.06, 95% CI: À3.87, À0.25; P = .026) (Fig. 3) .Whereas, at 1, 3, 6 months, this benefic effect of PRP was not observed (at 1 month: WMD = À0.65, 95% CI: À1.70, 0.40, P = .227; at 3 months, WMD = À0.76, 95% CI: À2.41, 0.88, P = .982, at 6 months: WMD = À0.92, 95% CI: À1.87, 0.03, P = .058).
Subgroup analysis based on the methodology showed that, among the studies with unclear risk of bias, PRP resulted in a more reduction in VAS score than control treatment (WMD = À 0.87, 95% CI: À1.35, À0.29; P = .001); whereas in studies with low risk of bias, the superior effect of PRP was not observed (WMD = À0.59, 95% CI: À2.33, 1.27; P = .059).
Subgroup analysis based on the control regimens demonstrated that, PRP had a greater decrease in VAS score than placebo (WMD = À4.01, 95% CI: À5.54, À2.49; P < .001), but a comparable change with steroid (WMD = À0.47, 95% CI: À0.94, 0.01; PP = .247).
Meta-regression was performed to investigate the potential effects of follow-up and comparators on the change from baseline in VAS score. The results showed that there was a significant relationship between VAS score and comparators (P = .010), but no significant association between VAS score and follow-up (P = .790).
Changes in American Orthopaedic Foot and Ankle Society score
Five studies reported data of AOFAS score. [21, 22, 25, 27, 28] Pooled estimates suggested that, the change from baseline in AOFAS score was not significant difference between the PRP and control group (WMD = 11.09, 95% CI: 4.01, 18.18; P = .002) (Fig. 4) . The test for heterogeneity was significant (I 2 = 98.0%, P < .001). Ling (Fig. 4) . However, at the 12 months, the increase in AOFAS score was greater in the PRP group than that in the control group (WMD = 15.86, 95% CI: 11.48, 20.23; P < .001) (Fig. 4) .
Subgroup analysis based on the methodology showed that, among the studies with unclear risk of bias, PRP was associated with a greater increase in AOFAS score than control treatment (WMD = 13.54, 95% CI: 4.77, 22.30; P = .002). Whereas, in the studies with low risk of bias, this effect was not found (WMD = 8.39, 95% CI: À4.06, 20.84; P = .187).
Subgroup analysis based on control regimen demonstrated that, PRP had a significant increase in AOFAS score when compared with steroid (WMD = 7.85, 95% CI: 0.48, 15.23; P = .037) or placebo (WMD = 32.7, 95% CI: 25.5, 39.89; P < .001).
Meta-regression was performed to investigate the potential effects of follow-up and comparators on the change from baseline in AOFAS score. The results showed that there was a significant relationship between AOFAS score and comparators (P = .023), but no significant association between AOFAS score and followup (P = .470).
Changes in Roles-Maudsley score
Three studies reported the data of RMS. [21, 23, 26] Pooled estimate suggested that, PRP had a comparable effect with other treatments in the change from baseline in RMS (WMD = À0.34, 95% CI: À1.04, 0.35; P = .334) (Fig. 5) . There was significant heterogeneity among the included studies (I 2 = 82.9%, P < .001). Subgroup analysis based on the duration of follow-up showed that, PRP was associated with a significant reduction in RMS at 1 month (WMD = À1.28, 95% CI: À2.31, À0.25; P = .015) and 12 months (WMD = À0.84, 95% CI: À1.45, À0.23; P = .007). However, this benefic effect of PRP was not observed at the 3, 6 months (3 months, WMD = À0.34, 95% CI: À0.77, 0.09, P = .117;6 months: WMD = À0.83, 95% CI: À1.08, 2.74; P = .393).
Subgroup analysis based on the methodology showed that, PRP had similar effect in the reduction of RMS with control treatment irrespective of the study quality (studies with low risk of bias: WMD = 0.13, 95% CI: À1.4, 1.67, P = .864; studies with unclear risk of bias: WMD = À0.63, 95% CI: À1.32, 0.05, P = .071).
Subgroup analysis based on control regimen demonstrated that, PRP did not have an advantage effect in the decrease of RMS when compared with steroid (WMD = À0.09, 95% CI: À0.84, 0.65; P = .809) and whole blood (WMD = À1.12, 95% CI: À2.5, 0.25; P = .108).
Publication bias
Assessment of publication bias using Begg's and Egger's tests showed that there was no evidence of potential publication bias among the included studies (Begg's test: P = . 633; Egger's test: P = .687).
Discussion
The major purpose of this meta-analysis was to assess the effect of PRP in the treatment of patients with plantar fasciitis. Our results Ling and Wang Medicine (2018) 97:37 www.md-journal.com suggested that, PRP was associated with greater changes in VAS and AOFAS scores than other treatments. However, for RMS, there was not significant different between the 2 groups. Subgroup analysis demonstrated that, the advantaged effect of PRP over other treatments was only observed at the 12 month, but not at the 1, 3, 6 months. Moreover, PRP was more effective than steroid and placebo in the change of AOFAS score. Our results indicate that PRP has a long-term benefit in the management of plantar fasciitis and should be used as an alternative approach for patients with plantar fasciitis. There have been 2 published systematic review and metaanalysis of autologous whole blood or autologous blood-derived products (ABPs) for plantar fasciitis. [31, 32] However, their results were different from the findings of the present meta-analysis. In the study conducted by Hsiao et al, [31] the authors compared the efficacy of ABPs, corticosteroids or shock-wave therapy in the treatment of plantar fasciitis. Based on 3 of 10 included studies, PRP showed a significant more reduction in VAS score with corticosteroids at 3 months (standardized mean differences (SMD) = 1.81, 95% CI: 0.02, 3.60), but a similar reduction at 6 months (SMD = 0.66, 95% CI: À0.60, 1.92). [31] Whereas, in another meta-analysis, the authors compared the efficacy of autologous whole blood with that of corticosteroid injection on plantar fasciitis. [32] In that study, trials assessing the efficacy of PRP were excluded. The authors found that, corticosteroid was more effective than autologous whole blood for pain relief in the short term (SMD = 0.52, 95% CI: 0.18, 0.86; P < .001). [32] Our meta-analysis expands on the previous studies to provide a better characterization of evidence base for PRP in plantar fasciitis. First, our study had a more enlarged sample size than the previous studies, which increased the statistical power to evaluate the effects. In this study, the number of eligible studies for data analysis was 8. Whereas in the study of Hsiaoet al, [31] there were 7 RCTs and 3 quasi-experimental studies were included, and the number of contributing data for PRP was only 2 or 3. Second, in this study, we assessed the effects of PRP not only in a short term, Ling and Wang Medicine (2018) 97: 37 Medicine but also in a long term. Whereas, in the previous study, the authors only evaluated the effects in the short term (at 3, 6 months). [32] Thus, whether PRP was superior to corticosteroids in a long term remains uncertain. Third, in this study, all the included studies were of well-conducted randomized controlled design; whereas, in the previous study, 3 of the 10 included studies were quasi-experimental design. [32] These studies had a lower quality than RCTs, which would reduce the reliability of the results. The enlarged sample size in this study has enhanced the statistical power of our results, and the high quality of included studies has ensured the reliability and credibility of the effect estimates.
In this study, our results showed that, PRP was effective at reducing pain and improving physical function in patients with plantar fasciitis. Subgroup analysis demonstrated that 12 months of long-term PRP could improve pain and physical function, but 1 to 6 months of short-term of PRP could not. Our results were in consistent with previous findings. Aksahin et al [33] compared the effects of local injection of PRP with corticosteroids in the treatment of plantar fasciitis. In that study, sixty patients who had no response to conservative treatment were enrolled (30 in each group). [33] At 3 weeks and 6 months after the treatment, the VAS score and RMS were significantly improved in both groups, however, the differences between them were not significant. [33] Similar effects between PRP and steroid were also found in another study. [21] In that study, the authors compared the efficacy of PRP with steroid at 3, 6, and 12 months after injection. [21] And they found that, at 3 months, the VAS, AOFAS and RM scores were marginally better in steroid group than that in the PRP group; at 6 months, these outcome scores were better in PRP group than that in the steroid group; however, these outcome scores were not statistically significant different between the 2 groups at 3 and 6 months. [21] Thus, the authors suggested that, PRP was as effective as steroid at achieving symptom relief at 3 and 6 months after injection. [21] Contrary to the negative findings of the above-mentioned 2 studies, some other studies observed controversial results. In the study of Shetty et al, [34] the authors compared the efficacy of were significantly improved in both groups. [34] And these results were much better in the PRP group than that in the steroid group. [34] Similarly, Say et al [27] compared the effects of PRP and steroid in patients with plantar fasciitis. In that study, 50 patients were included, and each group had a sample size of 25 patients. [27] At the 6 weeks and 6 months of follow-up, mean AFAS in PRP group was 85.5 ± 4.2 and 90.6 ± 2.6, compared with 75.3 ± 4.8 and 80.3 ± 4.7 in the steroid group, respectively. [27] The difference between the 2 groups was statistically significant (P < .001) at 6 weeks and 6 months. [27] PRP had a larger change in AFAS and VAS scores than that of the steroid. [27] With regarding of the long-term effect of PRP, our results suggested that PRP was associated with greater changes in VAS, AOFAS, and RMS scores compared with other treatments. Our findings were in line with the results of the previous studies. In the trial conducted by Jain et al, [21] the mean VAS, AOFAS, and RMS scores in the PRP group (3.3, 88.5, and 1.9) were significantly better than the steroid group (5.3, 75, and 2.6) at the 12 months after treatment. [21] Likewise, in the study of Monto et al, [28] the AOFAS score in PRP group was 94 at 12 months and 92 at 24 months, compared with 58 and 56 in the steroid group, respectively. [28] The difference in AOFAS score between the PRP and steroid groups was clinically significant at the 12-and 24-month follow-up evaluations (P = .001). [28] Thus, it could be concluded that PRP was more effective than steroid in a long term in the management of plantar fasciitis.
PRP was administered at the point of maximum tenderness of the heel. Previous studies have advocated the use of ultrasound guidance for the injection in plantar fasciitis, [35, 36] since this could allow for more accurate placement of the injection. However, results from the trials conducted by Tsai [37] and Kane [38] suggested that ultrasound-guided injection did not appear to more effective than palpation-guided injection in the treatment of idiopathic plantar fasciitis. Due to the limited data of the included studies, we did not conduct a subgroup analysis to explore whether ultrasound-guided injection was more effective than palpation-guided injection.
There were several limitations in this meta-analysis. First, our study was conducted based on 10 RCTs, all of which had a relatively small sample size (N < 100). Compared with the larger trials, smaller trials were more likely to result in an overestimation of the treatment effects. Second, there was substantial heterogeneity among the included studies. However, it should not be surprising given the variation in injection regimens and needleguidance techniques. These factors may result in the heterogeneity and have potential impact on our results. Third, our data Ling and Wang Medicine (2018) 97: 37 Medicine analysis for RMS was based on 3 RCTs; thus, the conclusion about the effects of PRP in RMS should be interpreted with caution.
In conclusion, the present study suggested that PRP was as effective as other treatments in terms of pain and functional results in the treatment of patients with plantar fasciitis. Our results demonstrated the long-term benefit of PRP for plantar fasciitis. Thus, it should be used as an alternative approach for patients with plantar fasciitis. However, considering the small sample size and heterogeneity among the studies, additional larger scale RCTs are needed to verify these findings.
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